This study has explored the localization and synthesis of the serglycin proteoglycan in the murine embryo and uterine decidua during midgestation. Embryos in deciduae were subjected to in situ hybridization with cRNA probes and to immunohistochemical detection with a specific antibody against murine serglycin. Adherent decidual cell cultures were prepared from freshly isolated deciduae. Proteoglycan biosynthesis was investigated by labeling intact deciduae and decidual cultures with 35 S-sulfate. Serglycin mRNA was detected by in situ hybridization throughout the mesometrial portion and at the periphery of the antimesometrial portion of the decidua at Embryonic Day (E) 8.5, and in the parietal endoderm surrounding the embryo. Serglycin mRNA was detected in fetal liver at E11.5-E14.5. Serglycin was detected by immunohistochemistry in decidua and parietal endoderm at E8.5 and in liver at E13.5. Most of the proteoglycans synthesized by cultured intact deciduae (78%) and adherent decidual cultures (91%) were secreted into the medium. Serglycin proteoglycan may play an important role in uterine decidual function during early postimplantation development.
INTRODUCTION
Decidualization of the uterine stroma is integral to embryonic implantation and development in mammals such as rodents and primates that undergo hemochorial placentation. Implantation is initiated by attachment of trophectoderm cells of the blastocyst embryo to the uterine epithelium, which is mediated in part through interactions of the trophoblast with the heparan sulfate proteoglycans of the epithelium and the embryo [1, 2] . Following attachment, the trophoblast cells produce extracellular matrix-degrading enzymes that enable penetration of the epithelial wall. Attachment also triggers decidualization of the underlying stromal cells, and embedding of the embryo follows.
The decidualization reaction is known to involve synthesis of a number of extracellular matrix proteins [3] [4] [5] [6] [7] [8] [9] [10] , proteoglycans [11] [12] [13] [14] , and other proteins such as growth factors and metalloproteinases . It has been reported that murine uterine stromal and decidual cells synthesize both chondroitin sulfate and heparan sulfate proteoglycans 1 Grant support: USPHS grant HL29282 (B.P.S.) and USPHS grant HL 59484 (J.P.). [13] . However, the core proteins of these proteoglycans have not been identified.
We were interested in understanding the regulation of expression of the serglycin proteoglycan in early embryonic development. The serglycin proteoglycan was first purified [36] and its cDNA cloned [37, 38] from the rat yolk sac L2 tumor cell line that has characteristics of parietal endoderm [39] . This proteoglycan was found to be secreted copiously and was also found by immunodetection to be localized in the cytoplasm and plasma membrane of these cells [36] . The L2 cell has not been reported to differentiate into hematopoietic cells. Subsequently, mRNA for this proteoglycan was found in a number of rodent and human hematopoietic cells, and most studies thereafter concerning serglycin have focused on hematopoietic cells [40] . In order to explore a potential role for serglycin in embryonic development both in hematopoietic and nonhematopoietic tissue, we have revisited the original finding that the L2 yolk sac tumor cell line synthesizes serglycin. In the course of our in situ hybridization studies in which murine embryos were probed while embedded in the decidual tissue, we observed that, in addition to expression in the parietal endoderm and hematopoietic tissue, mRNA for serglycin was expressed copiously in the mesometrial decidual tissue of mice over several days postimplantation. We report in this paper our findings concerning localization of serglycin expression within the embryo, and the identification and characterization of this proteoglycan in uterine decidual cells.
MATERIALS AND METHODS

Animals
Timed-pregnant CD-1 (ICR) mice were obtained directly from Charles River Laboratories (Wilmington, MA), or were bred at our facilities. Vaginal plugs were checked the morning after natural overnight matings defined as Embryonic Day 0.3 (E0.3). Experiments were performed in accordance with the National Research Council publication, Guide for Care and Use of Laboratory Animals. The protocols were approved by the Institutional Animal Care and Use Committee.
Subcloning of Serglycin and Platelet Factor 4 cDNAs
Clones of serglycin and platelet factor 4 (PF4) were generated from cDNAs prepared by reverse transcription-polymerase chain reaction (RT-PCR) from mouse bone marrow RNA. The primers included appropriate restriction sites for cloning. The 750-base pair (bp) serglycin probe was generated using a forward primer 5Јcgcgccgcggatccgctgcaa-accgaatggcttt and reverse primer 5Јcggccggaattca-atgcgagttgggttcctga, based on the published sequence of murine serglycin [41] . The 532-bp PF4 probe was prepared using 5Јcgcgccgcggatcctcgctgcggtgtttcgag for the forward and 5Јcggccggaattcaggcaactcactatgttgag for the reverse primers. The unpublished sequence of the murine PF4 gene was kindly provided by Dr. Mortimer Poncz (Childrens Hospital of the University of Pennsylvania, Philadelphia, PA). The cDNAs were cloned into the EcoRI and BamHI sites of the original pcDNA3 vector (In Vitrogen, Carlsbad, CA) that contains the T7 and Sp6 RNA polymerase promoters and therefore can be used to generate both the sense and antisense RNA probes. The sequences of the serglycin and PF4 probes were verified by automated sequencing in the Nucleic Acid Facility at Thomas Jefferson University.
In Situ Hybridization of Embryos and Decidua
At the desired developmental times, mice were killed by cervical dislocation and the uteri were removed from the peritoneal cavity, and deciduae dissected free of uterine muscle. At E7.5 and E8.5, the deciduae were transected and the embryos resting in half-deciduae were fixed overnight in freshly prepared, cold 4% paraformaldehyde/PBS. At later developmental time points, embryos were isolated free of decidual tissues and similarly fixed. Tissues were dehydrated through ethanol into xylene and embedded in paraffin using a Tissue-Tek V.I.P. automatic processor (Miles, Mishawaka, IN). Five-micron sections were placed onto trimethylaminopropyl silane-coated slides.
In situ hybridization was performed as previously described [42] . Briefly, sections were dewaxed, rehydrated, and treated with proteinase K to enhance probe accessibility and with acetic anhydride to reduce nonspecific background. Single-stranded 33 P-labeled antisense and sense serglycin and PF4 RNA probes were synthesized to a specific activity of 5 ϫ 10 8 dpm/g in the presence of uridine 5Ј [␣-33 P]triphosphate and the appropriate RNA polymerases, and hydrolyzed by alkaline treatment to approximately 200 bp. Sense probes served as controls for nonspecific background. Neighboring sections were hybridized at 55ЊC with 65 ng/ml of probe. No signal above background was seen in any of the negative controls. Images were captured on a digital microscope camera (Polaroid, Cambridge, MA) and processed using Photoshop 5.1 (Adobe Systems, San Jose, CA) with Imaging Processing Tool Kit (Reindeer Games, Asheville, NC).
Establishment of Decidual Cell Cultures
The decidual cell cultures were prepared as described [3] . The decidual capsules were minced and then dissociated with 0.5 mg/ml collagenase (type IV; Sigma Chemical Co., St. Louis, MO) containing 0.2 mg/ml DNase 1. The cells were then incubated with several changes of 0.1 mg/ ml collagenase with 0.2 mg/ml DNase I and 0.2 mg/ml proteinase (type XIV) in Hepes-buffered Dulbecco minimal essential medium (DMEM) without Ca 2ϩ and Mg 2ϩ . The cells were dissociated with a Pasteur pipette, centrifuged at 3000 rpm for 5 min, resuspended in fresh DMEM with fetal bovine serum with 1% glutamine and 1% antibiotic-antimycotic (all from Gibco/BRL, Grand Island, NY), and were plated at 3-4 ϫ 10 6 cells per 100-mm tissue culture dish. Following a 24-h incubation to allow attachment, the culture medium and nonadherent cells were removed, and fresh medium was added. The adherent cells were then used for the mRNA analysis, 35 S-sulfate labeling, and immunocytochemistry as described below.
Estimation of Serglycin Expression in Decidual Cells by RT-PCR and Northern Blotting
Following removal of the uteri, decidual tissue was freed of overlying uterine muscle and the underlying conceptus by dissection with forceps. The decidual tissue was homogenized in Trizol (Gibco/BRL), and RNA was extracted according to the instructions of the supplier. RNA also was extracted from cultured decidual cells with Trizol. RT-PCR studies were carried out as follows. For the RT reaction, 4 g RNA and 20 pmol oligo(dT) were annealed in 25 l total volume at 65ЊC for 10 min. Then 10 l of 5ϫ RT buffer, dNTPs to give a final concentration of 0.24 mM, 1 l reverse transcriptase (Promega, Madison, WI), and the appropriate volume of water were added for a total volume of 50 l. PCR reactions were carried out in 100 l total volume with 0.5 l Taq polymerase (Gibco/BRL) and 4 l of the RT reaction with final concentrations of 1ϫ PCR buffer, 1.5 mM MgCl 2 , 0.2 mM dNTPs, and 0.5 pmol forward and reverse primers. The primers for serglycin were 5Ј-GCTGCAACCGAATGGCTTT (forward) and 5Ј-GTCTTCTGGTTGGTCTTGGT (reverse) to give a 340-bp product. The thermal cycler program was 1 min at 94ЊC, 1 min at 55ЊC, 2 min at 72ЊC for 30 cycles, followed by a 72ЊC extension for 10 min and storage at 4ЊC. The PCR product obtained was sequenced and its serglycin identity was confirmed.
Northern blots were run on 1.2% agarose gels containing formaldehyde and ethidium bromide, and electrophoresis was carried out in 0.1 M morpholinepropanesulfonic acid buffer [43] .The RNA was transferred to Hybond nylon membranes (Amersham, Arlington Heights, IL) in 20ϫ SSC (3 M NaCl, 0.3 M sodium citrate). Prehybridization and hybridization were carried out at 50ЊC as described, using a buffer containing 50% formamide, 5ϫ Denhardt solution, 5ϫ SSPE (sodium phosphate, EDTA, NaCl), 0.1% SDS, 0.1 mg/ml denatured salmon sperm DNA, and 0.3 mg/ml yeast tRNA. The probes were synthesized by RT-PCR using mouse bone marrow cell RNA as a template with the primers described above for PCR. The probes were labeled with 32 P-dCTP (New England Nuclear, Boston, MA) by random hexamer priming [43] .
Preparation of Antisera Against Murine Serglycin
A 15-amino acid peptide based on the N-terminal region of the serglycin core protein sequence [41] was prepared at the University of Virginia Biomolecular Research Facility (Charlottesville, VA). The sequence was YPARRA-RYQWVRCKP. The peptide was coupled to keyhole limpet hemocyanin (mcKLH; Pierce Chemical Company, Rockford, IL) and injected into chickens for production of antibodies (Cocalico, Reamstown, PA). The reactivity of the antibody was tested by slot blotting against the uncoupled peptide and against recombinant murine serglycin that had been prepared in pGEX-6P2 (Pharmacia) using a full-length cDNA that had been prepared by RT-PCR of murine bone marrow RNA. Crude IgY was prepared from egg yolks by Cocalico. The anti-serglycin antibody was affinity purified using a column prepared by coupling the target peptide to epoxy-activated Sepharose 6B (Pharmacia) according to the directions from the supplier. The concentration of the purified antibody was 0.35 mg/ml. For controls for Western blots to identify core proteins from the purified proteoglycans, nonimmune IgY (Cocalico), diluted 1:1000, was used. However, when the nonimmune IgY was used on cell samples sporadic unacceptable background labeling was observed. Therefore, for controls for immunohistochemistry a nonimmune IgY fraction was prepared by passing nonimmune IgY through the affinity column that was made with the peptide coupled to epoxy-activated Sepharose 6B. Non-immune IgY (Cocalico) was applied to the column in the same amount as had been used for the immune IgY, and the final eluate was used at the same dilution as was used for the specific antibody.
Immunohistochemistry
Cultured decidual cells were grown on plastic slide units (Nalge Nunc International, Fisher Scientific, King of Prussia, PA) for 4 days and fixed in 4% paraformaldehyde in 1ϫ Dulbecco PBS, pH 7.4 (DPBS, Gibco/BRL) at room temperature for 10 min. The cells were not grown to confluence in order to obtain optimal observation of individual cells. Paraffin sections of E6.5-E9.5 intact decidua with their embryos in place and paraffin sections of whole E13.5 embryos were prepared and paraffin removed as described above for in situ hybridization. The cells from both types of preparations were permeabilized with 0.5% Triton X-100 in DPBS for 4 min. The Vectastain Elite ABC Kit (Vector Laboratories, Burlingame, CA) was used for the staining. The slides were incubated with 0.3% hydrogen peroxide for 30 min to reduce endogenous peroxidase activity and washed with fresh changes of DPBS once a minute for 5 min. The slides were blocked with 1.5% goat serum in DPBS. The cells were incubated with the chicken anti-serglycin antibody or control antibody (1:50) in blocking buffer for 1 h. The samples were blocked again with 1.5% goat serum and washed 5ϫ with DPBS. The secondary antibody was goat anti-chicken biotinylated secondary antibody (BA-9010) (Vector) diluted 1:200. The slides were washed, treated with the Vectastain ABC reagent, and incubated in 3,3Ј-diaminobenzadine for detection of serglycin. In some experiments, labeling with anti-desmin or double labeling with anti-serglycin or anti-desmin was performed to confirm the identity of the decidual cells. Rabbit anti-desmin (Sigma) was used at 1:100 dilution, and the secondary antibody was biotinylated goat anti-rabbit at 1:200 dilution (Vector). 35 
Characterization of Proteoglycans by
S-Sulfate Metabolic Labeling
Proteoglycan synthesis was studied by analysis of 35 Ssulfate-labeled molecules from decidual cells and culture medium. All procedures were as described previously [43] . The 35 S-sulfate (0.3 mCi/ml) (ICN Radiochemicals, Costa Mesa, CA) was added with the fresh medium after the 24-h attachment period, and the cells were incubated for an additional 4 days. The cells were solubilized in 8 M urea-50 mM sodium acetate-0.2% Triton X-100 with protease inhibitors. The proteoglycans were isolated from the cells and medium by DEAE-Sephacel chromatography. Aliquots were removed from the proteoglycan fractions for liquid scintillation counting to determine total incorporation of 35 S-sulfate into cell-associated and secreted proteoglycans, and the samples were analyzed by SDS-PAGE and Sepharose CL-6B chromatography. DEAE-Sephacel and Sepharose CL-6B were purchased from Pharmacia (Piscataway, NJ). Chondroitinase ABC (Seikagaku, Iyamsville, MD) digestions were performed as described previously [43] . Chondroitinase or heparitinase digests of the proteoglycans were passed through Sephadex G-25 columns (PD-10, Pharmacia) to separate the 35 S-sulfate-labeled dissaccharides from the undigested 35 S-sulfate-labeled proteoglycans in order to calculate the percentage of chondroitin sulfate in the glycosaminoglycans (GAGs). Chondroitinase and heparitinase digests were also analyzed by SDS-PAGE to determine the size of the core proteins. Gradient gels (4%-15% acrylamide, 20 cm long) were prepared in the laboratory. The core proteins were detected by autoradiography by virtue of the single 35 S-sulfated sugar remaining in the disaccharide stub that is left at each GAG attachment site after digestion with these enzymes.
Western Blotting
Proteoglycans were purified from the culture medium as described above and subjected to chondroitinase ABC digestion in the presence of protease inhibitors [43] to remove the GAG chains from the core protein. The digest was electrophoresed on SDS-PAGE gels (0.75-mm-thick minigels, 4%-20% gradient; Bio-Rad Laboratories, Richmond, CA) and electrophoretically transferred to nitrocellulose. The membrane was soaked in blocking buffer (10% nonfat dry milk-1ϫ PBS-0.3% Tween-20) for 1 h. The membrane was then treated with anti-serglycin antibody (1:100), washed, and labeled with rabbit anti-chicken alkaline phosphataseconjugated antibody (Sigma) at 1:1000 dilution for 1 h. The membrane was washed and then the color reaction was carried out with phosphatase substrate (BCI) (Kierkegaard and Perry Laboratories, Gaithersburg, MD). Preimmune chicken IgY (Cocalico) was the negative control. In some experiments, the proteoglycans were metabolically labeled with 35 S-sulfate as described above, and the immunoblots were subjected to autoradiography for colocalization of the core protein with the radiolabel.
RESULTS
In Situ Hybridization of Mouse Embryos and Decidual Tissue for Detection of Serglycin and PF4
The expression of serglycin transcripts in early postimplantation stages of gestation is shown in Figure 1 , A-C. The data shown are from E8.5 and were the same as seen at E7.5. Figure 1A is the sense control. Serglycin transcripts were not detected at E7.5-E8.5 in the embryo proper. However, significant levels of serglycin message were seen in the parietal endoderm (Fig. 1C) . Interestingly, no serglycin expression was detected in the blood islands or endoderm of the visceral yolk sac. Abundant accumulation of serglycin transcripts was present in maternal decidual tissues at E7.5 (not shown) and E8.5 (Fig. 1B) . Expression was very asymmetric, with serglycin transcripts detected in a very dense labeling pattern throughout the mesometrial half of the decidua but only at the periphery of the anti-mesometrial decidua (Fig. 1B, open arrowhead) . To determine if serglycin expression in decidual tissues was related to the presence of platelets, adjacent sections of E7.5 and E8.5 conceptuses were probed with PF4. No expression of PF4 was noted in any tissues at E7.5 or E8.5 (data not shown).
The midgestation pattern of labeling of embryos with antisense RNA probes for serglycin and PF4 is shown in Figure 1 , D-H. The serglycin sense control is shown in Figure 1D . From E11.5 through E14.5 of gestation, serglycin-expressing cells are detected almost exclusively in the developing liver (see E11.5 embryo in Fig. 1E) . A strikingly similar expression pattern was evident for PF4 (Fig.  1F) . Closer examination of neighboring liver sections of E12.5 embryos hybridized with serglycin and PF4 probes revealed considerable overlap of signal, consistent with the presence of these proteins in megakaryocytes [44, 45] (Fig.  1, G, H, and insert H) . Those regions of PF4 expression not overlapping with serglycin may be due to the thickness of neighboring sections relative to the hematopoietic cells. This hypothesis is supported by a similar degree of expression discrepancy when neighboring sections were each probed with PF4 also (data not shown). Serglycin, but not PF4, had a more diffuse expression throughout the fetal liver (compare Fig. 1, G and H) . The diffuse expression of serglycin in the liver is most likely associated with the presence of definitive myeloid-lineage hematopoietic cells because serglycin has been shown to be expressed in normal leukocytes and monocytes as well as erythromegakaryocytic, megakaryocytic, and myeloid leukemia cell lines [40, 43, 46] , while PF4 expression is associated specifically with megakaryopoiesis [47] .
Higher magnification views demonstrated single cells with a strong hybridization signal for serglycin message scattered in the embryo proper at E12.5 (arrows in Fig. 1H) . A similar expression pattern was seen with PF4 in adjacent sections. These findings are consistent with the presence of circulating megakaryocytes or platelets in the embryo at this stage of development [48] .
Expression of Serglycin mRNA by Intact Deciduae and Decidual Cells in Culture
Northern blotting of RNA from intact deciduae showed the expected serglycin mRNA at about 1.0 kb [41] . The blot showed that there was considerable expression of the serglycin mRNA in isolated whole decidual tissue between E6 and E9.5 (Fig. 2) . Additional experiments showed equivalent labeling of decidual mRNA at E9.5 and E10.5 (not shown). Labeling of the blot at E12.5 was confined to a faint band at a higher molecular weight than that labeled at the earlier time points. We do not know whether this band represents an alternatively spliced transcript as has been seen in human cells. To confirm the synthesis of serglycin within decidual cells themselves, rather than the hematopoietic cells in the decidua, we prepared adherent cell cultures from decidua of the E6-E11.5 pregnant mice. From E6 to E10.5, the cultures appeared morphologically to be mesometrial decidual cells, with cuboidal flattened shapes with dendritic projections, and large nuclei or double nuclei, as described previously [3] . No hematopoietic cells were seen in these cultures. We detected serglycin mRNA in the adherent cell cultures by RT-PCR (Fig. 3) and saw the appropriate size band by Northern blotting (not shown), thus showing that the expression seen in the in situ hybridization experiments is likely to be associated at least in part with the decidual cells during this time period. However, at E11.5 little decidual tissue remained, due to regression of decidua at this stage of pregnancy. The cells that were obtained in the cultures were for the most part round, and very few decidual cells were present. Northern blotting of RNA was positive for serglycin for the E10.5 cultures but negative for the E11.5 cultures (not shown).
Immunostaining of Embryos and Decidua
The immunostaining of E8.5 embryos and decidua with anti-serglycin antibody is shown in Figure 4 . Intense staining of the mesometrial decidua was observed as seen in Figure 4 , B and C. The higher magnification (Fig. 4C) shows a granular pattern of staining superimposed on the diffuse cytoplasmic stain. These granular structures are for the most part present near the periphery of cells. Representative immunostaining of cultured decidual cells with antiserglycin and anti-desmin is shown in Figure 4 , D and E. The filamentous staining pattern with desmin confirms the identity of the cells as decidual cells. Serglycin staining, in contrast, appears in a granular pattern, consistent with the presence of serglycin in secretory granules. Labeling also occurs in the perinuclear region and is probably associated with labeling of the Golgi and/or nascent secretory vesicles. Immunostaining of parietal endoderm is shown in Figure  4 , F (nonimmune control) and G (anti-serglycin). Immunostaining of E13.5 embryos was restricted primarily to the liver, but there was scattered labeling in other areas of the embryo (not shown) that was most likely associated with blood cells. Figure 4 , H through I, show higher magnification images of the staining of the liver cells with the antiserglycin antibody. The prominent black cytoplasmic/perinuclear labeling is consistent with the presence of scattered hematopoietic cells and with the diffuse pattern of labeling throughout the liver, which was shown by in situ hybridization in Figure 1 . This immunolabeling pattern was not seen in the negative control (not shown).
Analysis of Synthesis and Secretion of Decidual Proteoglycans by 35 S-Sulfate Labeling and Western Blotting
The spectrum of proteoglycan synthesis in the decidual cells and the degree to which decidual proteoglycans were stored in the cells and/or secreted was evaluated by metabolic labeling of the proteoglycans with 35 S-sulfate. The 35 S-sulfate is incorporated into the GAG chains. Ninetyone percent of the 35 S-proteoglycans made by intact deciduae in culture and 78% of the proteoglycans made by the adherent decidual cell cultures were secreted during the 4-day incubation, based on the proportion of total radioactivity in each compartment. Analysis of chondroitinase and heparitinase digests on PD-10 columns showed that the GAGs from the cultured adherent decidual cell and medium proteoglycans were, respectively, 65% and 61% chondroitin sulfate, and the GAGs from the intact decidual tissue-associated and medium proteoglycans were, respectively, 73% and 63% chondroitin sulfate. The proteoglycans from both types of cultures migrated similarly as a broad peak on Sepharose CL-6B. The profile of the secreted proteoglycans from the adherent-cell cultures is shown in Figure  5 . The overall peak K av was about 0.17 for the proteoglycans associated with and secreted from the intact decidual tissue and the adherent cultures. The peak, however, was asymmetric, and shoulders were present at K av 0.08 and 0.22, suggesting the presence of several components. Both enzymes appeared to digest proteoglycans across the entire width of the elution profile. However, chondroitinase digestion preferentially reduced the amount of radioactivity in the higher-molecular weight portion (K av 0.08) of the Sepharose CL-6B curve, and heparitinase digestion reduced the amount of radioactivity in the K av 0.17-0.22 portion of the curve, as judged by the shapes of the resultant elution profiles.
Chondroitinase digestion of the culture medium proteoglycans produced prominent core proteins at 33-36 kDa that were detected by autoradiography of the long gradient gel (Fig. 6, top) , and Western blotting and autoradiographic detection of samples that were electrophoresed through the minigel and transferred to nitrocellulose (Fig. 6, bottom ). There were also two lower molecular weight 35 S-labeled bands that are most likely degradation products of the serglycin core but do not become labeled on the Western blots probably because the epitope has been lost from the N-terminal end by proteolysis. In one experiment we confirmed this by labeling with an antibody generated against the 21 amino acids immediately N-terminal to the ser/gly repeat region. We have seen the 35 S-labeled low molecular weight bands in hematopoietic tumor cell cultures [43] . A faint core protein band at about 40 kDa would be consistent with the presence of decorin [49] . Other faint bands were not identified. The smear at the top of the autoradiogram of the gel represents the undigested heparan sulfate proteoglycans. These proteoglycans have not yet been identified.
DISCUSSION
Our study has shown for the first time that serglycin is a major chondroitin sulfate proteoglycan synthesized and secreted by uterine decidual cells in intact tissue and in culture. The broad expression pattern of serglycin throughout the mesometrial portion of the decidua strongly suggested that decidual cells themselves, and not only hematopoietic cells known to be associated with decidua (large granular lymphocytes, natural killer cells, or macrophages) were responsible for serglycin synthesis. This conclusion was further strengthened by experiments with cultured adherent decidual cells derived from the decidual tissue. The cultures consisted primarily of mesometrial cells by morphologic criteria. Synthesis of serglycin by adherent cultures of decidual cells devoid of hematopoietic cells confirmed that the labeling was associated with the decidual cells themselves.
We do not yet understand the functional significance of the presence of serglycin in decidual tissue and the reason for the primary localization of mRNA expression to the mesometrial portion of this tissue. The radiolabeling studies suggested that serglycin synthesized by adherent cultured decidual cells and whole decidual tissue was directed extensively to a constitutive secretory pathway. Only a few proteins are known to be expressed predominantly in the mesometrial decidua at the stages that we have studied, and these are all secretory proteins that may have functional importance for implantation and decidualization. They include insulin-like growth factor I (IGF-I) [19] , matrix metalloproteinase-2 [20] , a variant of ␣-2 macroglobulin that binds IGF-I [24] , interleukin-6 [50] , macrophage inflammatory protein (MIP) 1-alpha [51] , and activin ␤-A [31] . Serglycin could potentially interact with any of these proteins or with others that have not been identified, to generate appropriate secretory vesicles, or to modulate the effects of these proteins on the target cells after secretion, either directly or by interacting with proteins that modulate the activity of those mentioned [25, 27, 31] ; for example, follistatin, that regulates activin, binds to heparan sulfate proteoglycans [52] , and inhibin binds to the betaglycan proteoglycan [53] . The ability of a proteoglycan to interact with proteins is determined by a combination of the number, type, and size, of the GAG chains and their pattern of distribution along the core protein. The importance of the overall structure of the proteoglycan is borne out by several studies in which the intact serglycin proteoglycan, but not its isolated GAG chains, was able to bind to other proteins [46, 54, 55] probably as a result of the tight clustering of the GAG chains in the serine/glycine repeat region of the core protein. The importance of the intact serglycin proteoglycan was further demonstrated by the inability of mast cells to generate normal secretory granules when synthesis of heparin, the GAG chain of mast cell serglycin, but not the core protein itself, was disrupted in vivo [56, 57] . Serglycin is known to be needed for stabilization of proteases that are packaged in these granules. Furthermore, we have shown that abnormal synthesis of chondroitin sulfate GAGs on the serglycin proteoglycan is associated with structural and functional abnormalities of platelet alpha granules in Wistar Furth hereditary macrothrombocytopenic rats [58] .
The serglycin proteoglycan itself could affect cell-cell or cell-matrix interactions within the decidua or nearby placental tissues, because it is known to bind to matrix molecules such as fibronectin and collagens [46, 58, 59] . Serglycin also could affect cytokine or chemokine transport within the decidua or from the decidua to placental tissues by virtue of its ability to bind to such molecules, e.g., PF4
and MIP 1-␣ [60] . MIP-1 alpha has been found in mesometrial decidual cells [51] .
It is interesting to compare the secretory behavior of decidual cell serglycin with that of blood cells. The trafficking of serglycin varies among the different blood cells. In mast cells, platelets, and neutrophils the proteoglycan is localized within storage granules, the protein contents of which are different for each cell type, and is released along with the granule proteins upon activation of the cells. Hematopoietic tumor cell lines appear to both store and constitutively secrete serglycin [40, 43, 46, 61] . In contrast, lymphocytes do not have regulated secretory granules but actively synthesize and constitutively secrete serglycin [40] . The presence of prominent serglycin-containing granules within decidual cells and the abundant constitutive secretion of serglycin suggest that decidua contain both regulated and constitutive secretory compartments.
In our experiments the decidua did not appear to synthesize significant amounts of the high molecular weight heparan sulfate proteoglycans such as perlecan that are necessary for the structure and function of extracellular matrix or basement membranes in a number of tissues, including the uterine epithelium during blastocyst attachment [2] .
These proteoglycans would have eluted from the Sepharose CL-6B columns in the void volume. A minor peak near the void volume remained after chondroitinase digestion, suggesting that the cells could synthesize a large heparan sulfate proteoglycan, but this proteoglycan represented only a few percent of the total proteoglycan synthesis. It is interesting that most of the heparan sulfate proteoglycans were found in the culture medium, because they were of a size range that is usually associated with membrane heparan sulfate proteoglycans. However, these proteoglycans, such as syndecans, can be released from the cells by proteolytic cleavage. Identification of these proteoglycans will be the subject of future studies.
We have localized the serglycin proteoglycan to the parietal endoderm in E7-E9 embryos. The presence of serglycin in the parietal endoderm is consistent with the finding of Iozzo and Clark [62] that this membrane contains chondroitin sulfate proteoglycans. This finding is consistent with the high expression of serglycin mRNA in F9 teratocarcinoma cells that are differentiated to the parietal endoderm lineage in the presence of dibutyryl cAMP and retinoic acid [63] ; we have confirmed the synthesis of serglycin in F9 cells under these conditions by immunostaining (unpublished results).
The extensive presence of serglycin in adult hematopoietic myeloid lineages [40] led us to explore at what stage of fetal hematopoiesis this proteoglycan is expressed. Serglycin transcripts were indeed detected throughout the E11.5-E14.5 liver, the site of definitive hematopoiesis in the fetus. Immunostaining of the E13.5 liver showed evidence for the presence of serglycin-containing hematopoietic cells scattered throughout this tissue. The partial colocalization of serglycin mRNA with PF4 mRNA suggests that serglycin is expressed by fetal megakaryocytes; both are expressed in adult megakaryocytes [44, 45] . No antimouse PF4 antibody was available for double-label immunostaining, so we could not confirm the colocalization of these two proteins in megakaryocytes. The diffuse serglycin expression throughout the fetal liver and the presence of serglycin in mature blood cells of all myeloid lineages suggests, but does not prove, that serglycin may be synthesized by multiple definitive hematopoietic lineages. In contrast, serglycin expression was not evident in the visceral yolk sac, the site of primitive hematopoiesis. Embryonic hematopoiesis in yolk sac blood islands is unique, consisting almost exclusively of nucleated primitive erythroblasts. The lack of detection of serglycin expression in the developing yolk sac blood islands and its presence in fetal liver is consistent with serglycin serving roles in definitive, but not primitive, hematopoiesis.
In conclusion, our data suggest that the serglycin proteoglycan may have critical importance for uterine decidual function, early fetal development, and fetal definitive hematopoiesis.
